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1.Purpose:  
There have been few comparative and eco-physiological studies on the salinity adaptation among 
oceanic, brackish and fresh water species in invertebrates. The semi- aquatic bugs in Halobatinae 
and Haloveliinae include oceanic, brackish and fresh water species. Therefore, this study aims to test 
a hypothesis that the salinity tolerance reflects the salinity level of the habitat of each species, using 
oceanic species (Halobates micans, H, sericeus and H, germanus), brackish-water species, Halovelia 
septentrionalis and a fresh-water water species, Metrocoris histrio. 
2. Methods: 
2.1. Sampling 
All samples of oceanic species were collected using a Neuston Net during a cruise by the R/V 
MIRAI and R/V HAKUHOMARU owned by JAMSTEC in the tropical Pacific Ocean (Tomini Gulf), 
temperate and tropical Pacific Ocean (Routes including a straight track from Tokyo to Honolulu), 
and tropical Indian Ocean. All samplings of oceanic species were performed at night, under artificial 
light. 
All specimens as mainly adults of H. septentrionalis were collected by hand from the shore nearby 
Tropical Biosphere Research Center, University of the Ryukyu (Sesoko Station in Okinawa Main 
Land) in Japan.  
Adults and 5th instar larvae of a fresh-water species, M. histrio were collected from spring water in 
AMENOMIKUMARI shrine (33º53’N 133º53’E) nearby Kochi University twice on 11th June 2011 
and 19th May 2014. 
2.2. Salinity tolerance experiment 
All specimens of adult and 5th instar larvae in each species were used for the salinity tolerance 
experiments. The number of specimens for the experiment on each species were as follows: H. 
micans, female=587, male=381, 5th instar larvae=41; H. sericeus, female=7, male=14; H 
septentrionalis, female=137, male=78; M. histrio, female=77, male=73 and 5th instar larvae =8.  
were placed on white and semi-translucent aquaria (30 cm × 30 cm × 40 cm) filled with several 
salinities in the laboratory. Whether they survived or not were observed, without foods, with 1-2 
hour intervals until they have completely died. However, the brackish-water species, specimens of H. 
septentrionalis had been monitored only for 184 or 109 hours because of administrative limitation on 
the period when the laboratory could be used. 
Air and water temperature during all experiments were similar to temperatures in each habitat where 
the samples were collected. For the experiment on oceanic species (H. micans and H. sericeus), air 
and water temperatures were kept at 29±2°C. For the brackish-water species, H. septentrionalis, both 
air and water temperatures were kept at 32±2°C. And, in fresh-water species, Metrocoris histrio, both 
temperatures were kept at 20±2°C. 
3. Results: 
3.1. Salinity tolerance experiment on oceanic species 
The oceanic two species, Halobates micans and H. seriseus (Fig. 1) survived relatively long hours of 
more than 100 hours under 11-36 ‰ of salinity. Halobates micans and H. sericeus showed “low 
salinity coma” with paralysis in legs movements within 2-9 hr on average and died within 2 hr after 
the start of the coma. Although tolerance to fresh water differed statistically between H. micans 
(n=254, 6-7 hours in survival on average) from tropical Indian Ocean and H. sericus (n=5, 2-3 hours) 
from Pacific Ocean (Mann-Whitney U-test, z=-4.177, p<0.001; both exhibiting “fresh water coma”, 
but the difference was small (4-5 hours difference).  
Salinity tolerance experiment on H. germanus was not performed in this study. However, adult 
specimens exposed to fresh water could survive at least for 6 hours without low salinity coma (n=9). 
3.2. Salinity tolerance experiment on brackish species 
The brackish water species, H.septentrionalis showed high tolerance at 0‰ to 45‰ with hours in 
survival of 93 hr to 170 hr on average, when more than 108 hr in survival were estimated as “109 hr” 
for the condition of 45‰ and more than 184 hour in survival were estimated as “185 hours” for the 
other salinity conditions. More than 50% of the specimens in the salinity conditions of 0‰ to 45‰ 
had survived over 100 hours as the “half-life” period (Fig.2). 
3.3. Salinity tolerance of fresh water species 
The fresh water species, M. histrio showed lower resistance to salinity. Time in survival was half at 
5‰ of 80 hours at 0 ‰, while it was less than 10 hr at 10‰ or higher salinity (Fig. 3).The threshold 
value to reduce the survival hours in comparison with those under 0 ‰ as the value of fresh water 
was evaluated as around 3 ‰ in M. histrio, because 20 to 40 % of adults showed the reduction of 
hours in survival less than 15 hours under 3-5 ‰. 
4. Discussion:  
This study compared the salinity tolerance among Gerridae species inhabiting in open sea, shore and 
freshwater environment. They showed a variety of tolerance depending on each habitat. The two 
oceanic species, Halobates micans and H. sericeus have tolerance to relatively wide salinity from 
36‰ to 11‰. Why do oceanic sea skaters need to have this various range of salinity tolerance? They 
have no chance to be exposed to blackish water throughout their all stage. And salinity of sea water 
in major oceans are relatively stable from 31‰ to 38‰. (Data from the World Ocean Atlas). 
However, the oceanic sea skater could be directly exposed to rain falls since they are existing on 
“sea surface”. Thus, acquiring their ability of lower salinity tolerance could be naturally selected 
through the heavy rain falls. 
For example, Halobates sp from Tomini Gulf where precipitation is so high (Sekimito et al., 
2013)showed longer survival time more than 24 hours even on fresh water than those inhabiting 
open ocean (a couple of hours only). This high tolerance to fresh water could be naturally selected 
by such high precipitation. Referring to Halobates germanus, adults specimens were exposed to fresh 
water for 6 hours and all specimens could survive without paralysis (Sekimoto et al., unpublished). 
This resistance to fresh water could be related to their distribution restricted to the sea area near to 
the islands in the tropical and subtropical Pacific Ocean where there is significant influence from 
fresh waters flown from rivers. 
On the other hand, the fresh water Halobatinae species, adults of Metrocoris historio, showed their 
survival time to be decreased when they had been exposed to more than 3‰ salinity. This narrow 
range of resistance to salinity as 0‰ to 3‰should be related to fresh water habitat. Metrocorishistrio 
inhabits fresh water environment such as relatively “lotic” water bodies like as spring and mountain 
stream which are hardly contaminated with “salinity”. There is no chance for them to be exposed to 
saline water. 
The brackish water Halovellinae species, Halovelia septentrionalis showed superior tolerance both to 
lower and higher salinities. They could survive more than 93 hours at 0‰ to 45‰. This high range 
of tolerance of H. septentrionalis can correspond with that by a pink shrimp, Farfantepenaeus 
duorarum which inhabits very wide range of salinity waters with 5‰ to 55‰ (Criales et al., 2011). 
In the field, they can be observed to glide on sea surface around shore, and be often left in the tide 
pool under the lower tide period. Therefore, H. septentrionalis left in the tidal pool must be exposed 
to wide variety of salinity water from the hyper salinity which had been caused by evaporation in 
daytime, to fresh water which was as heavy rain fall. This wide range of salinity as habitat could 
naturally select the tolerance to the wide variety of salinity high salinity in this species.  
5. Conclusion:  
The hypothesis that the salinity tolerance reflects the salinity level of the habitat of each species 
would be true in the semi-aqua bugs. 
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